Kawasaki disease (KD) is a systemic vasculitis that mostly affects children below the age of 5. The vasculitis involves arteries of medium size, especially the coronaries. Various etiologies have been proposed including association with micro-organisms, bacterial superantigens, and genetic factors, however, the exact cause remains unknown. There is no specific laboratory test for KD. Diagnosis is clinical and depends upon the presence of fever for ≥5 days and 4 or more of five principal features, viz. polymorphous exanthem, extremity changes, mucosal changes involving the lips and oral cavity, bilateral bulbar conjunctival injection, and unilateral cervical lymphadenopathy. The term "incomplete KD" refers to the presence of fever and less than four principal clinical features. Recognition of this group of patients is important because it is usually seen in infants and risk of coronary abnormalities is increased probably because of delays in diagnosis. However, what appears to be "incomplete" at a given point of time may not actually be so because some of the features may have already subsided and others may evolve over time. Hence, a detailed dermatological examination is warranted in all cases, especially in incomplete KD, to ensure timely diagnosis. Although KD is a self-limiting disease in most patients, coronary artery abnormalities (CAAs) including coronary dilatations and aneurysms may develop in up to 25% of untreated patients. CAAs are the most common cause of morbidity and mortality in patients with KD. Treatment is aimed at reducing inflammation and consists of intravenous immunoglobulin (IVIG) along with aspirin. Despite treatment, some patients may still develop CAAs, and hence, long-term follow up is of utmost importance.
INTRODUCTION
Kawasaki disease (KD) is an acute febrile multisystem vasculitis affecting most often children younger than 5 years of age. [1] [2] [3] [4] It is characterized by fever, polymorphous exanthem, extremity changes, changes in lips and oral cavity, bilateral bulbar conjunctival injection, and unilateral cervical lymphadenopathy. In children with acute febrile illnesses where fever persists beyond 5 days, KD must be considered as a possible diagnosis. [5] Timely and appropriate treatment can decrease the risk of coronary artery abnormalities (CAAs), which otherwise may be seen in 15-25% of patients. [2, 6] Tomisaku Kawasaki [ Figure 1 ], a young pediatrician, first reported KD in 1967. He presented 7 cases under the title "Non scarlatiniform syndrome with Desquamation from the fingertips" and later described his observations on 50 cases as "mucocutaneous lymph node syndrome." [7, 8] Soon thereafter, children with a similar clinical profile were reported by Marian Melish [Figure 2 ] from United States. [9, 10] in the understanding of its clinical, pathological, and epidemiological characteristics.
Epidemiology
KD is the most common vasculitic disorder affecting children across different races worldwide, although the risk is highest among Asians. Highest incidence of KD has been reported from Japan at 265/100,000 children below 5 years of age, followed by Korea and Taiwan. [6] Of all the children born in Japan, it is estimated that 1% would get KD by 10 years of age. [15] In Japan, Korea, and Taiwan, incidence of KD is above 50/100,000 children below 5 and has been progressively increasing. The incidence of KD in Japan has increased more than twice over the last 20 years. [15, 16] In contrast, United States and Europe report an incidence of less than 30/100,000 children below 5 and the incidence seems to have plateaued over time. [16] [17] [18] Age group KD predominantly affects children aged less than 5 years. [3] However, it can affect older children and, sometimes, even adults. The peak age of onset of KD varies among different countries -United States reports peak age at 18-24 months, which is slightly higher as compared to Japan where it is 6-11 months. [2, 4, 19] At our centre, almost 30% of patients were above 5 years of age at diagnosis of KD. [20, 21] The male:female ratio is 1.5:1.0. [5] 
Seasonal variation
Seasonal variation has been noted in patients with KD in some countries. In Japan, majority of cases are clustered in January, June, and July, whereas in the United States, winter and early spring months account for the maximum number of patients with KD. [18, 22] At Chandigarh, clustering has been observed during the months of October and May. [23] This seasonal variation in occurrence of KD has been linked to changes in tropospheric wind patterns but that does not explain seasonality of KD in every country. [24, 25] 
Etiopathogenesis
The exact etiology of Kawasaki disease is not known. [2, 4, 7] Various theories have been proposed including the role of micro-organisms and superantigens. An infective etiology can explain the clinical presentation with fever, exanthem, bilateral conjunctival injection, and cervical lymphadenopathy along with a self-limiting illness. [2, 7] However, no definite organism has yet been identified. [26] Although an association with various organisms such as Streptococcus, [27] Staphylococcus, [27] Epstein Barr virus, [28] Coronavirus, [29] and Parvovirus [30] has been reported in some studies, a cause and effect relationship has not been established.
Bacterial superantigens (staphylococcal and streptococcal) have also been implicated in the pathogenesis of KD vasculitis because of the presence of excess of Vβ2 and Vβ8 T-cell receptor families in coronaries, intestinal mucosa, and blood. [31, 32] This, along with occasional presentation similar to superantigen mediated toxic shock syndrome, favors the role of superantigens in the pathogenesis of KD; [33] however, these theories also remain unsubstantiated.
Several other novel hypotheses have also been proposed. Burns et al. have described how transportation of a probable etiological agent (suspected fungal spore) through tropospheric winds has been linked to the occurrence of KD. [25] This fungal agent (perhaps a toxin) is believed to trigger an abnormal immune response in genetically susceptible hosts, which results in clinical manifestations of KD. Other than fungi, several different microbial agents may also trigger an immunologic response which manifests as KD. [3] 
Pathology
The clinical manifestations in KD occur due to necrotizing systemic vasculitis affecting medium and small sized arteries, predominantly involving the coronaries. [34] Inflammatory infiltrate consisting primarily of IgA secreting plasma cells [35, 36] and macrophages initially affects the microvasculature (arterioles, capillaries, and venules) and subsequently involves larger vessels. This inflammation, which is a panarteritis, may result in the weakness of vessel wall. The increased vascular fragility results in dilatation of the affected vessel wall, which in severe cases, results in formation of aneurysms. Thrombosis and aneurysms of the coronaries were first demonstrated at autopsy in patients with KD by Tanaka et al. from Japan. [37, 38] Subsequent healing of the inflamed vessel may result in stenosis as well as thrombosis at the affected site, resulting in myocardial infarction at a later age.
Histopathological findings of skin lesions in KD show edema, dilatation of small vessels in papillary dermis, and infiltration of CD4+T cells and CD13+ macrophages in dermis and epidermis. [39] In addition, skin lesions have been shown to have interleukin-1α and tumor necrosis factor alpha (TNF-α) suggesting a role in the pathogenesis of KD. [39] 
Genetics
Published literature on KD from Japan best documents the rates of recurrence and familial occurrence of KD; these rates may be lower among other populations. The recurrence rate of KD among Japanese is ~3%, and ~1% of cases have a positive family history. [3, 40] KD occurs at a rate of 2.1% among the siblings of KD patients who had the disease within last 1 year. Increased rate of occurrence of KD in the siblings suggests an underlying genetic susceptibility, which interacts with etiologic agents in the environment. [23] Certain HLA genes have been proposed to be linked with KD and increased risk of abnormalities affecting the coronary arteries; however, no definite contribution of HLA genes has been proved. Three important pathways have been reported to be involved in the pathogenesis of KD. These include single nucleotide polymorphism (SNP) in transforming growth factor β2 (TGF2) and TGFR2, SNP in the gene encoding 1,4,5-inositol triphosphate 3-kinase C (ITPKC); [26] and SNP in the Fc gamma receptor IIa (FCGR2A) gene. [41] Further genetic studies may hold the key to our understanding of the pathogenesis of KD.
Clinical manifestations
The course of KD can be divided clinically into the following three phases [ Figure 3 ]. [4] Acute febrile phase It lasts for initial 10-14 days and is characterized by fever, redness of the eyes, inflammation of tongue (strawberry tongue) and pharyngeal mucosa, unilateral cervical lymphadenopathy, dry cracked lips, edema over the extremities, extreme irritability, and perineal desquamation. Myocarditis may occur commonly during the acute phase manifesting as tachycardia and congestive cardiac failure. Several other clinical features that may be seen during this stage include hydrops of gall bladder, sterile pyuria, and BCG site reactivation. However, these features do not figure among the criteria for diagnosis of KD.
Subacute phase
This phase lasts from week 2 to 4 after onset of symptoms. It is characterized by periungual desquamation and resolution of clinical findings seen during the acute stage. CAAs on echocardiography are most commonly seen during this phase.
A small proportion of children may also develop arthritis involving one or more joints.
Convalescent phase
It is characterized by disappearance of all clinical signs and most children become asymptomatic. Acute phase reactants including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and platelet count usually return to normal. Beau lines (horizontal ridging of the nails) may appear during this phase.
Diagnostic criteria for Kawasaki disease
Diagnosis of KD depends upon: [3, 4, 42, 43] ( diameter) (C) Other diseases with findings similar to those mentioned above should be excluded
In patients with fever and <4 principal clinical features, diagnosis of KD can be made if CAAs are observed on echocardiography. [43] Because there is no gold standard for diagnosis of KD, the sensitivity and specificity of diagnostic criteria is virtually impossible to define. It should, however, be noted that strict application of the abovementioned clinical criteria for diagnosis of KD would have high specificity but low sensitivity. And this may result in several children with KD being denied of treatment that can be potentially beneficial.
Fever
High grade fever, usually >40°C, and not responding to antipyretics and antimicrobials, is often the first clinical manifestation. Fever in patients with KD reflects underlying inflammation of vessel wall. It is usually accompanied by extreme irritability, which is more prominent in younger patients as compared to older children. 
Rash
Rash in KD appears during the first few days of onset of fever (acute febrile phase). It is polymorphous, varying from macular to maculopapular or morbilliform, however, it is never vesicular. It most commonly begins on the trunk and spreads over the next few days to involve the extremities [ Figure 4a ]. Rash over the perineal area often undergoes desquamation during the first week of illness [ Figure 4b ]. It usually disappears with the resolution of fever.
Mucosal changes
Involvement of mucosa is characterized by vertically cracked lips which are dry and reddened [ Figure 4c ], strawberry tongue [ Figure 5a ], and erythema of oral and pharyngeal mucosa. These changes are seen during the acute febrile phase of KD. However, manifestations may fluctuate in the first 7-14 days of illness and do not occur in a particular order.
Conjunctival injection
Bilateral, nonexudative, bulbar conjunctival injection, and typically sparing the limbus (i.e., the area immediately surrounding the cornea) is common in KD [ Figure 5b ] during acute febrile phase. Conjunctival injection of KD must be differentiated from conjunctivitis (i.e., conjunctival inflammation with eye discharge) -the latter is never a feature of this condition.
Extremity changes
Erythema involving the palms and soles, and edema of the dorsum of hands and feet occur during the acute febrile phase of the disease. Subacute phase of KD is characterized by desquamation beginning at the tips of fingers and toes [ Figure 5c ]. Beau lines may appear during the convalescent phase as transverse ridges over nails [ Figure 6a ]. These develop as a result of arrested nail growth during the initial febrile phase of KD.
Cervical lymphadenopathy
Lymphadenopathy in KD is characteristically unilateral and affects the cervical region during the acute phase of the disease. It is seen in 60-70% of patients with KD in Japan, and in less than 50% patients in United States. [1] Lymphadenopathy involving multiple lymph nodes and presence of splenomegaly are clinical features not usually seen in KD and, when present, should point toward an alternate diagnosis.
Other clinical manifestations of Kawasaki disease
Apart from principal mucocutaneous features, a subset of patients with KD may exhibit distinct dermatologic manifestations. Occurrence of psoriasiform eruptions during an episode of KD [44] and flaring up after KD [45] has been well-documented in literature. In addition, some reports suggest an increased incidence of atopic dermatitis among children with KD. [46] Rarely, erythema multiforme has also been described as a sign of KD. [47] Patients with KD may have several additional findings involving other organ systems as well. These findings may create diagnostic difficulties for the treating physician and result in delays in diagnosis.
Other clinical findings in patients with KD include: [3, 43] 
Cardiovascular disease in Kawasaki disease
KD has surpassed rheumatic fever to become the leading cause of acquired pediatric heart disease in developed countries including North America, Europe, and Japan. [48] It may soon be the leading cause of acquired pediatric heart disease in developing countries as well. [49] It is not often recognized that myocarditis is also an integral part of KD. It is usually asymptomatic but can clinically manifest in a small proportion of patients. [50] Asymptomatic myocarditis may be recognized by tachycardia (not explained by the degree of fever) and decreased systolic function of the left ventricle. KD may also present with pericarditis and pericardial effusion. [6] Recently, KD shock syndrome is being increasingly recognized in children who present with systolic hypotension. [51] The most characteristic and clinically significant complication of KD is the occurrence of CAAs which can be seen in 15-25% of untreated patients. [2, 6] The severity of CAAs may vary from asymptomatic coronary artery dilatation or aneurysms to giant aneurysms. Giant coronary aneurysms (>8 mm internal diameter) during the acute stage have a significant risk of thrombosis and rupture. [3, 52] Kato et al. studied the outcome of coronary aneurysms in patients with KD in Japan. [52] Majority of coronary aneurysms show regression or a decrease in size over few months after an acute episode of KD. In patients with incomplete resolution of coronary aneurysms, stenosis may develop insidiously and present later in adulthood as coronary ischemia. Timely diagnosis and treatment of CAAs is therefore critical. [3, 53] Several other cardiovascular complications can also occur in children with KD. These include arrhythmias, abnormal QT dispersion, endothelial dysfunction, aortic stiffness, and sudden death. [3, [54] [55] [56] This suggests that like many other vasculitides, KD is a more generalized disease process than usually recognized.
Incomplete Kawasaki disease
The term "incomplete KD" refers to the presence of fever and less than four principal clinical features of KD. [2, 4] Recognition of such cases can sometimes be quite difficult. [57] [58] [59] It is important to remember, however, that not all clinical features of KD may be apparent at a given time. Some of the features may have already subsided and others may evolve over time. Hence, one should carefully observe and ask for signs and symptoms KD may be difficult to diagnose and manage in resource limited settings [63] because of limited awareness, inability to gain access to appropriate investigations and treatment, and because of difficulty in distinguishing KD clinically from exanthemata, such as measles, which are endemic in many developing countries. [64] KD must be included in the differential diagnosis of children where rash and fever persists beyond 5 days because fever generally settles within a few days in most exanthemata. From a dermatologist's point of view, it is important to distinguish KD from other infectious conditions, especially Stevens-Johnson Syndrome (SJS), [65] Scarlet fever, [66] and measles [ Table 1 ]. Staphylococcal scalded skin syndrome (SSSS) may also be considered in the differential diagnoses in view of fever, irritability, and erythematous eruptions. However, lack of other mucocutaneous features, presence of a localized staphylococcal infection and skin tenderness, accentuation of rash in the flexures, and progression to superficial blister formation differentiate SSSS from KD. [67] suggestive of KD that may have already subsided. Incomplete KD is most commonly seen in infants, [60] and is often associated with development of CAAs.
Atypical Kawasaki disease
A child is said to have "atypical KD" when he/she presents with clinical manifestations suggestive of KD along with some unusual features. These atypical manifestations may include seizures, stroke, nephritis, and acute hepatitis. [2] [3] [4] Infants may present more commonly with atypical features and have increased predilection for CAAs.
Adult onset Kawasaki disease
Adult patients with KD have similar clinical features, including dermatologic manifestations, as in children. However, frequency of clinical signs may vary between the two populations. [61] Although rare, adult onset KD is associated with high frequency of cardiovascular involvement. Because of its rarity and need to exclude other differential diagnoses, adult onset KD is usually diagnosed late.
Recurrent Kawasaki disease
Nationwide epidemiological surveys of KD in Japan reveal a recurrence rate of approximately 3% with the highest incidence within 12 months of first episode. In addition, incidence is usually higher among children with cardiac sequelae during the first episode. [62] Clinical features, including dermatologic manifestations, during a recurrent episode of KD are similar to those seen in the first episode.
Differential diagnosis of Kawasaki disease
Differential diagnosis of KD include following infections, both viral and bacterial, immune system reactions, and rheumatic diseases which may cause signs and symptoms similar to KD: [4] 
INVESTIGATIONS

Laboratory examination
There is no specific diagnostic test for diagnosis of KD. However, there are certain laboratory markers which are seen during the different phases of the disease. The acute febrile phase is associated with laboratory parameters that suggest ongoing inflammation. These include an elevated ESR, raised CRP, leukocytosis with neutrophilic predominance, and thrombocytosis which, in severe cases, may reach levels as high as 100,0000/mm 3 . [3] Some children may have normocytic, normochromic anemia. Presence of anemia and thrombocytopenia may suggest the development of macrophage activation syndrome, which can sometimes complicate the clinical course of KD.
Other laboratory abnormalities include sterile pyuria of urethral origin and elevated serum transaminase levels, with or without mild hyperbilirubinemia. Pyuria in a febrile child should alert the treating physician to the underlying possibility of KD -it need not always be due to urinary tract infection. [2, 4] Changes in serum lipid profile, including elevated triglycerides, and reduced high density lipoproteins may be seen during the subacute phase of KD. [3, 68, 69] . In some children, these can persist over extended periods of time. [70] 
Imaging in Kawasaki disease
Two-dimensional transthoracic echocardiography has long been used for the assessment of CAAs in patients with KD. CAAs detected on echocardiography may include aneurysm and/or dilatation of left main coronary artery (LMCA), left anterior descending branch (LAD), and right coronary artery (RCA). [3] Abnormalities of the left circumflex artery (LCx) are more difficult to visualize. Coronaries are said to be dilated if their diameter is >1.5 times that of the adjacent vessel segment; or if the diameter is >3 mm in a child less than 5 years old; or >4 mm in a child ≥5 years of age. [3] Other corroborative findings on echocardiography include loss of normal tapering of the coronary arteries, increased brightness of the vessel wall, and pericardial effusion.
Coronary artery diameter should be assessed using z-scores. Children with KD need to be followed up with serial echocardiographs to monitor the CAAs. While echocardiography can visualize proximal segments of coronary arteries, it is not a good modality for distal segments of coronary arteries. Dual source CT coronary angiography (CTCA) is now being increasingly used as an imaging modality for the assessment of coronary arteries in KD. [71] TREATMENT The aim of treatment of KD in acute febrile phase is the reduction of inflammation in walls of the coronary arteries, thereby decreasing the risk of coronary thrombosis. In patients who develop aneurysms and/or dilatations of the coronary arteries, long-term therapy is directed at preventing myocardial ischemia. [3] Intravenous immunoglobulin (IVIG) is the mainstay of the treatment and is given at a dose of 2 g/kg, preferably within 10 days of the illness. [3, [72] [73] [74] However, if patients present late during the course of the illness and there is evidence of ongoing inflammation, IVIG should not be withheld. [75] Response to IVIG is usually prompt; fever generally subsides before the end of infusion of IVIG and irritability decreases considerably. IVIG should be initiated slowly to prevent or minimize infusion reactions. Aseptic meningitis presenting as headache, vomiting, and irritability is another prominent adverse effect seen with IVIG. It can be prevented by slowing the rate of IVIG infusion and increasing the intake of oral fluids.
Acute phase treatment also consists of aspirin which is started in anti-inflammatory doses (30-50 mg/kg/day) and is continued for 48-72 hours after the child becomes afebrile. The dose of aspirin is then decreased to 3-5 mg/kg/day, which is maintained until the child has no evidence of CAAs by week 6-8 after the disease onset. It needs to be continued indefinitely in children who develop persistent CAAs. [3, 5] Most patients respond to IVIG and aspirin. However, in 10-15% of patients, fever may not subside or may recur. [2, 3] Management of such patients can be difficult. Therapeutic options that are available include a repeat dose of IVIG, [76] [77] [78] administration of infliximab (TNF α blocker), [79, 80] or methylprednisolone. [3] Algorithms for a classical case of KD and for incomplete KD are shown in Figures 7 and 8 , respectively.
Disease course and prognosis
Mortality in KD has been reported at 0.014% in Japan. [3] At our centre, it is higher at 0.87%, probably due to delays in diagnosis, referral, and treatment. [81] The risk of development of CAAs can be brought down to less than 3% if the condition is diagnosed in time and treated appropriately. [3, 82] After the initial echocardiographic evaluation of coronaries, regular assessment is done at 2 weeks and then at 6 weeks. [3] Frequency of further assessment depends on the status of the coronary arteries. Smaller aneurysms are more likely to resolve as compared to large aneurysms. Furthermore, age of onset of aneurysms less than 1 year, fusiform aneurysms, and aneurysms located in the distal coronaries have an increased likelihood of resolution. [3, 4] Giant aneurysms are associated with the risk of thrombosis and stenosis, which may manifest clinically as arrhythmias, congestive cardiac failure, and myocardial ischemia. [53] Patients with coronary lesions should, therefore, be followed up with regular echocardiography evaluation. It must be borne in mind that KD is a systemic vasculitis and not merely a disease that affects the coronary arteries. Recent literature suggests that KD can impact the cardiovascular system in several different ways and these sequelae may manifest several years later in young adulthood. [54] [55] [56] [68] [69] [70] It is for this reason that long-term follow-up is mandatory for all children with KD, irrespective of whether or not they have CAAs.
Key messages for the dermatologist 1 . KD is now the most common vasculitic disorder in children.
Majority of patients are below the age of 5 years 2. It has been reported from all continents and is being increasingly recognized in several centres across India 3. KD should be considered in the differential diagnosis of all children who present with rash and fever that persists for 5 days or more. Rash in KD may be polymorphous but is almost never vesicular. In most exanthemata, fever generally settles within a few days 4. Other typical dermatologic manifestations include: a) Bilateral conjunctival injection b) Erythema, dryness, and vertical cracking of lips c) Strawberry tongue d) Injection of pharyngeal and oral mucosa e) Erythema over palms and soles f) Edema over the dorsum of hands and feet g) Periungual desquamation h) Beau lines 5. Children with rash and fever need to be jointly assessed by the dermatologist and pediatrician 6. Diagnosis of KD needs to be made promptly and appropriate treatment initiated early for preventing the dreaded coronary complications associated with the disease.
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